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© Method and apparatus for coating a core material with metal. 
• © Apparatus 8nd method for coating a high tensile 
strength fibrous material with an extrudible, corrosion- 
resistant metal to form a composite', continuous wire using 
dies, a compression cylinder in fluid connection with the 
dies, a piston for forcing the metsl out of the compression 
cylinder and through the dies end means for feeding a 
' fibrous material through the dies as the metal coating is 
extruded out the dies with the fiber. Continuous lengths of a 
composite material made by such 8 method, electrode grids 
comprised of the composite material m8de by such a 
method and a cabled composite wire constructed of the 

3 composite material made by such a method. Also, series and 
parallel connected cells comprising a battery utilizing such 
electrode grids. 
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METHOD AND APPARATUS FOR 
COATING A CORE MATERIAL WITH METAL 

The present invention relates to a method and appara- 
tus for coating metal wire or fibrous materials with 
metal. The invention relates also to a scrim which may be 
woven from such a composite wire and the use of the scrim 
in the electrodes of electrochemical cells. More particu- 
larly, the present invention relates to a method and 
apparatus capable of producing continuous lengths of fine 
composite wire comprised either of metal wire coated with 
an extrudible, corrosion-resistant metal or a fibrous core 
material coated with an extrudible, corrosion- resistant 
metal such as lead, the weaving of that composite wire 
into a scrim, and the use of that scrim as an electrode 
grid in an electrochemical cell. 

Conventional batteries include electrodes having 
metallic substrates on which a layer of active material is 
deposited. The battery may contain several pairs of 
positive and negative electrodes, stacked, rolled or 
suspended within a battery case and covered by the elec- 
trolyte contained within the battery case. Most con- 
ventional rechargeable batteries are of the lead acid 
type. The electrode grids of conventional lead acid 
batteries are coated with an active material, usually a 
lead oxide. The active material in the negative electrode 



2- 



0172563 



contains expanders which allow the plate to become spongy 
when it is formed. A "forming 11 charge is applied to both 
positive and negative plates to convert the layer of 
active material on the positive plate to a porous oxide of 
5 lead and the layer of active material on the negative 
plate to sponge lead. 

Conventional state of the art lead acid batteries are 
relatively heavy, causing the battery to have a low 

10 specific energy. The specific energy of some commercially 
available, state of the art lead acid batteries is on the 
order of about 6.36 watt hours per kilogram at the three 
hour discharge rate. The heavy weight of the battery is a 
direct consequence of the use of large amounts of lead in 

15 the electrodes, both in the grid and in the active mate- 
rial, and in the connectors and straps, or bus bars, of 
the battery. 

Thick lead grids are required for several reasons. 

20 For instance, the active material usually takes the form 
of a paste which is cured onto the grid. Although the 
paste adheres well to itself, it does not adhere well to 
the electrode grid, particularly during repeated charge- 
discharge cycles. Because of this characteristic, the 

25 grid must be made more substantial so that it can act as a 
latticework to help support the active material. 

Further, the electrode grid itself is relatively 
fragile, necessitating a construction which is heavier 

30 than needed for the grid to perform its electrical func- 
tion. The grid used in many conventional lead- acid 
batteries is formed either by casting liquid lead into a 
mold of the desired configuration or by expanding sheet 
lead into a mechanically stiff grid. The grid is then 

35 assembled into the electrode assembly. 
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During the manufacture of the electrode, its 
handling, and its assembly into the battery / it is sub- 
jected to a number of mechanical Btresses. Once assembled 
into the battery, the electrode will be subjected to a 
5 number of induced stresses. The primary source of manu- 
facturing stress is the pasting operation, during which 
the paste of active material is troweled onto and into the 
grid. As it is troweled into and onto the grid, the 
paste, which is heavy and relatively stiff (i.e., not very 

10 plastic), tends to bend, stretch and tear the latticework. 
This deformation of the grid structure results in many 
points at which the lead in the grid is stressed, and it 
is at these stress points where corrosion will occur first 
and proceed at the fastest rate. Thus, expanded metal 

15 grids, which offer the advantage of being lighter than 
cast grids, are inherently susceptible to accelerated 
stress corrosion because each point at which the metal 
sheet was expanded represents a stress point. 

20 >: The induced stresses are the result of factors such 
as volumetric growth and shrinkage of the electrode during 
battery charge and discharge cycles, sagging of the 
conductors due to the pull of gravity on the heavy mass of 
active material which they support, and, if the battery is 

25 used in an application such as in an automobile, vehicle 
shock, thermal cycling, and vibration. Mechanical failure 
of the electrode occurs when the mechanical and induced 
stresses to which the electrode is subjected exceed the 
tensile and/or shear strength of the materials comprising 

30 the electrode. To help prevent premature mechanical 
failure of the electrodes due to these stresses, it is 
necessary to manufacture them in thicknesses which enable 
them to withstand the stresses to which they are likely to 
?be subjected. Because so much lead must be used to ? 

35 provide the thickness which enables the grid to withstand 
these stresses, conventional grids have cross-sectional 
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dimensions that are much larger than is required for 
actually conducting electrical current. The result of the 
use of thick .grids is a battery which is relatively heavy, 
and has a low specific energy and material utilization 
5 factor. . 

In addition. to a thick grid, a thick coating of 
active material on the electrodes is necessary to increase 
battery capacity. The thick coating is necessary because, 
10 as a general rule, the thicker the layer of active mate- 
rial, the greater the capacity of the battery to store 
electrical energy. 

As the volume (and weight) of active material is 
15 increased and the weight of. the battery case, straps, 

posts and grid conductors remains relatively constant, the 
utilization of the active material is increased on a per 
unit weight basis. This increased utilization results in 
an increase in the specific energy of the battery. How- 
20 ever, the active material "utilization factor of many state 
of the art lead acid batteries is only approximately 50- 
55% of battery weight. 

The thickness of the layer of active material 
25 requires that the grid latticework be strong enough to 

support this thicker layer of active material. Because of 
the relatively low tensile strength of pure lead, it is 
necessary to make the lead grids substantially thicker 
than would be necessary to enable them to serve their 
30 electrical function so that the grids will withstand the 
above-described mechanical and induced stresses. 



There are limits to the thickness of the layer of 
active material. One limitation is imposed by the weight 
35 of the active material. Another limitation is a result of 
the electrical characteristics of the active material. 
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The active material on the positive electrode is a semi- 
conductor, that is, due to its own internal resistance, it 
is capable of conducting electricity only a relatively 
short distance through itself. Consequently, the thick- 
5 ness of. the active material is limited to that distance 
through which the active material is capable of effi- 
ciently conducting current. This characteristic of the 
active material is one reason for the presence of the grid 
conductor in the positive electrode. The grid conductor 
10 serves the function of conducting the current generated in 
the active material out of the active material. 

The thickness of the layer of active material is also 
limited by the relative inability of the active material 

15 to adhere to the grid during charge-discharge cycling and 
by its low tensile strength. As a result of these charac- 
teristics, the above-described mechanical stresses often 
cause the grid to prematurely shed the fragile active 
material-: Additional battery weight results from the fact 

20 that precautions must be taken to prevent any active 
material from floating loose in the electrolyte in the 
cell and shorting out the battery. The electrode may be 
provided with special glass compression pads to compress 
the active material against the grid, thereby preventing a 

25 short circuit in the cell, but also adding to the weight 
of the battery without improving battery capacity. 

As a result of these factors, most of the batteries 
available to date represent a balance between durability, 

30 capacity and specific energy, with certain of these 

factors being optimized for certain applications. For 
instance, in applications in which the weight of the 
battery is the most important concern, the electrodes are 
manufactured with the thinnest layer of active material 

35 practical and grids are pared down as much as is made 

possible by the reduced thickness of the active material. 
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A battery with a thin layer of active material and rela- 
tively light weight grids represents a trade-off of 
increased manufacturing costs, Bhorter battery life and 
lower capacity for lighter battery weight. 

5 

Another problem, also related to the weight, bulk and 
capacity of lead acid batteries is the fact that these 
factors make it difficult to construct a rechargeable 
battery in flashlight battery sizes, i. e., "D cells", "C 

10 cells" and so on down to "AAA cells" and smaller, special 
purpose batteries. Spiral wound lead acid cells are 
easily connected in series to form batteries, which are 
available in sizes ranging from "BC" to "D." These cells 
produce high currents and are constructed from lead grids 

15 which are die cut from a flat sheet of pure lead which is 
rolled inside the round battery case in a tight spiral. 
Each spiral grid has a relatively large surface area, and 
there is no need to connect several small grids in 
parallel as in a conventional battery, resulting in a 

20 savings in weight and the cost of manufacture, and these 
cracks are highly susceptible to attack by the acid, 
causing the rapid corrosion of the grid. 

However, no cells in sizes below "D" are available 
25 commercially because the soft, thick (about 1.016 mm) grid 
used in these cells cannot be rolled into a spiral which 
is tight enough to be used in batteries of smaller 
diameter. Cracks and stress points form on the grids of 
batteries of this size because the radius of curvature of 
30 the grid exceeds that associated with the maximum strength 
of the lead. These cracks are highly susceptible to 
attack by the acid of the battery, resulting in the rapid 
corrosion of the grid. 

-* 

35 These same problems are involved in the construction 

of conventional nine volt rechargeable batteries. At 
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present, the only readily available, multi -purpose 
rechargeable nine volt battery is constructed of nickel 
and cadmium (the "nicad" battery). This battery contains 
six 1.25 volt cells and produces about 7.5 volts. It is 
5 unusable for some nine volt applications because of its 
low voltage. However, the more serious limitation of the 
nicad battery is its so-called "memory." A nicad battery 
which is repeatedly discharged at low currents will 
occasionally "forget" that it is capable of delivering 
10 high currents, a result of the chemical conditions within 
the cells. Although reversible, this characteristic 
results in the decrease of the life of the battery if the 
battery is left on float or standby charge for indefinite 
periods. 

15 

The present invention is directed to a method and 
apparatus for coating a high tensile strength fibrous 
material, optical fiber or a highly conductive metal wire 
with an extrudible, corrosion-resistant metal such as 

20 lead, zinc br nickel, a method of making such a metal- 
coated wire, and a metal-coated wire of high tensile 
strength and electrical conductivity made according to 
that method and with that apparatus. The apparatus 
comprises die means for receiving a high tensile strength 

25 core, a compression chamber in communication with the die 
means, and means for forcing the metal out of the com- 
pression chamber and through the die means. A cylinder is 
also provided comprising a compression chamber with a 
piston reciprocally mounted therein, the radial clearance 

30 between the piston and the walls of the compression 

chamber being virtually zero. In order to achieve this 
zero radial clearance, spaced, annular lands are provided 
on the piston between the body of the piston and the walls 
of the compression chamber; the piston, the annular lands 

35 and the inside walls of the compression chamber defining a 
space. Also provided it a means communicating with the 
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compression chamber and the space defined by the piston, 
the annular lands and the walls of the compression chamber 
operable to allow the extrudible, corrosion- resistant 
metal to be extruded into said space during the compres- 
5 sion stroke of the piston, thereby relieving the high 
extrusion pressure exerted on said metal and preventing 
the escape of said metal past the piston along the walls 
of the compression chamber. 

10 The apparatus is provided with a die holder assembly 

comprising a first die member with an aperture in it for 
passage of a fibrous or metallic core material that is 
tapered in the direction of movement of the core material 
and a second die member with an aperture in it for passage 

15 of the core material that is tapered in the .direction 
opposite the direction of movement of the core material* 
The first and second die members are retained by a 
cylindrical die separator with a portion at both ends 
which is larger in diameter than the central portion. . The 

20 die holder assembly is provided with means communicating 
with a source under pressure and means operable to 
equalize the pressure exerted by the extrudible, 
corrosion- resistant metal which is forced into the die 
separator around the core material to achieve a coating on 

25 the core material of uniform thickness. 

According to the method of the present invention, an 
extrudible, corrosion- resistant metal such as lead, zinc 
or nickel is extruded through a die means and a core 

30* material such as a fine aluminum, copper, silver, gold, 
nickel or tantalum or high tensile strength fibrous 
material is drawn through the die means as the metal is 
extruded. Using this method, continuous lengths of a 
metal wire or a fiber such as an aramid, or fiberglass, 

35 carbon or optical fiber can be coated with a uniform layer 
of the extrudible, corrosion- resistant metal. 
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The present invention is also directed to a scrim 
which may be woven from the metal coated wire produced by 
the method and apparatus of the present invention, the 
electrode which may be constructed using such a scrim as a 
5 grid el.ement, and the battery which may be constructed 
from positive and negative pairs of such electrode. Also 
described is a composite wire comprising a core of a 
highly conductive metal and a coating of lead / zinc or 
nickel, an electrode which may be constructed of a scrim 

10 woven from the metal coated, composite wire having either 
a fibrous core material or a highly conductive metal core 
and a bus bar comprised of a highly conductive metal and a 
coating of lead, zinc or nickel and the electrochemical 
cell which may be constructed from a positive and negative 

15 pair of such electrodes. 

The present invention is also directed to a 
rechargeable lead acid electrochemical cell having spiral 
wound positive and- negative electrode pairs, the elec- 

20 trodes being constructed using a scrim woven from the 

metal coated wire produced according to the method of the 
present invention as a grid element. Several of these 
. electrochemical cells may be assembled into a rechargeable 
lead acid battery, the electrode pairs being connected in 

25 series, and the connections may be in the form of bus bars 
constructed of a composite wire comprising a core of a 
highly conductive metal and a coating of lead. 

Figure 1 is a front view of the apparatus of the 
30 present invention showing the mechanism for feeding the 
metal into the compression cylinder, the die holder 
assembly and the portion of the piston which forces the 
lead into the space between dies, in longitudinal cross 
section. 



35 
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Figure 2 is a schematic representation of the 
apparatus of the present invention showing the control 
system plan. 

5 Figure 3 is a cross-sectional view of the die 

assembly of the apparatus shown in Figure 1. 

Figure 4 is an exploded, perspective view of the die 
assembly of the apparatus shown in Figures 1 and 2. 

.0 

Figure 5 is an enlarged longitudinal cross section of 
the piston which forces the metal out of the compression 
chamber and into the space between dies. 

Figure 6 is an elevated, perspective view of a 
positive electrode which may be constructed from a scrim 
woven with the lead coated wire produced according to the 
method and with the apparatus of the present- invention. 

Figure 7 is an elevated, perspective view of an 
electrode which may be constructed from a scrim woven with 
the lead coated wire produced according to the method and 
with the apparatus of the present invention for use in the 
construction of a biplate battery. 

Figure 8 is an elevated, perspective view of an 
alternative form of the electrode shown in Figure 7. 

Figure 9 is a cross section of a biplate battery 
30 constructed according to the present invention taken along 
the lines 9-9 in Figure 10. 



15 
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Figure 10 is a longitudinal cross section of a 
biplate battery constructed according to the present 
35 invention taken along the lines 10-10 in Figure 9. 
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Figure 11 is a cross-sectional view of an alternative 
embodiment of the die assembly shown in Figure 3. . 

Figure 12 is an exploded, perspective view, of the 
5 die assembly of Figure 11. 

Figure 13 is a longitudinal cross section of an 
alternative construction of the biplate battery shown in 
Figure 10. 

10 

Figure 14 is a front view of an electrode grid 
constructed according to the method and with the apparatus 
of the present invention. 

15 Figure 15 is an alternative embodiment of the elec- 

trode grid of Figure 14. 

Figures 16-18 are also alternative embodiments of the 
electrode grid of Figure 14. 

20 

Figure 19 is a top view of a positive and negative 
electrode pair constructed according to the method and 
with the apparatus of the present invention, insulated 
from each other by a separator, as they are assembled into 
25 a spiral wound rechargeable lead acid battery. 

Figure 20 is a top view of the positive and negative 
electrode pair shown in Figure 19, but showing a different 
way to wind the positive and negative electrode pair. 

30 

Figure 21 is a perspective, somewhat schematic, view 
of a nine volt, rechargeable battery which may be con- 
structed from four of the electrochemical cells shown in 
Figure 22, the case* of the battery being shown in shadow 
35 lines to make its interior construction clear. 
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Figure 22 is an exploded, perspective view of an 
electrochemical cell, which may be constructed from the- 
positive and negative electrode pair shown in Figure 19. 

5 Figure 23 is a perspective view of a cabled, com* 

posite wire which may be constructed according to the 
present invention, with one. end. of the wire being shown 
cut in qrosB section and the other end broken away. 

10 When used herein, the term "extrudible, corrosion- 

resistant metal" refers to those metals which are capable 
of being extruded onto a core material using .the method 
and apparatus of the present invention at temperatures 
below the melting points of those metals. Although other 

15 metals may be known to those skilled in the art who have % 
the benefit of thiB disclosure, the presently preferred 
extrudible, corrosion-resistant metals are lead, zinc and 
nickel, with lead being the. most preferred. . . 

20 The term "core material", as used throughout the 

specification and. claims, refers to fibrous and metallic 
materials. The fibrous, materials may be glass., synthetic, 
optical or carbon fibers. The glass fibers may be any one 
of a variety of commercially available fiberglass fibers, 

25 and the synthetic fibers may be an aramidor other com- 
mercially available synthetic fiber. The optical fibers 
may be any of a number of proprietary glass fiber formu- 
lations used for conduction of light pulses in tele- : 
communications. The metallic materials which are used as 

30- core materials are those highly conductive metals such as 
aluminum, copper, silver, gold, nickel or tantalum. 

In Figure 1, a preferred embodiment of the apparatus 
of the present invention is shown. Pure extrudible, 
35 corrosion-resistant metal, such as the lead balls 10 . is 
loaded into the vibratory feeder 12 for feeding through 
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the chute or conduit 14 into the chamber 16 formed by a 
bore 17 through plunger 22 and the upper surface 19 of 
slide 21. The lead balls 10 in conduit 14 are heated to a 
predetermined temperature by preheating coil 18, con- 
5 trolled .by thermocouple 20. Plunger 22, connected to the 
reciprocating feed cylinder 24 by means of the piston rod 
26, is initially in its retracted position, allowing a 
plurality of heated lead balls 10 to drop into the chamber 
16. When activated, feed cylinder 24 reciprocates the 

10 plunger 22 to move the lead balls 10 retained within 

chamber 16 along the upper surface 19 of slide 21 over the 
aperture 28 in the top of compression chamber 30. Feed 
cylinder 24 is air powered by air input line 32 and output 
line 34. The cylinder could also be hydraulically powered 

15 or connected to an electrical solenoid. 

When the plunger 22 reaches the position shown in 
dotted lines 36, the end of the plunger 38 contacts limit 
switch 40, stopping plunger -22 and reversing the direction 

20 of its travel, returning it to its initial position. In 
the moment while the plunger 22 is in the position shown 
by dotted lines 36, the chamber 16 is positioned over the 
aperture 28 in the top of the compression chamber . 30, 
allowing the lead balls in the chamber 16 to drop through 

25 aperture 28 into compression chamber 30. When the plunger 
22 returns to its original position, the corner 42 of 
plunger 22 contacts limit switch 44, stopping the travel 
of the plunger 22 and reversing it for another stroke. 

30 In the compression chamber 30, the lead or other 

extrudible, corrosion- resistant metal may be heated by 
heat imparted to the walls of the compression chamber 46 
by the heating coil 48 under control of thermocouple 49. 
Once the metal is heated to a predetermined temperature, 

35 the hydraulic cylinder 50 is actuated, causing piston 52 
to descend from its initial position down into the com- 
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pression chamber 30 through aperture 28, forcing the metal 
out of the chamber through aperture 54 and into the space 
56 between the entry die 58 and the exit die 60, held in 
place by die holder 62, and shown in more detail in Figure 
5 3. Die. holder 62 is threaded into threaded aperture 121 
in the walls 46 of the compression chamber 30. 

The hydraulic cylinder 50 is actuated by fluid 
pressure developed through input line 64 and output line 

10 66. The lines 64 and 66 are provided with a proportional 
control valve 68 and a pressure gauge 70. Hydraulic fluid 
is pumped from the reservoir 72 by pump 74, through oil 
cooling radiator 76 to the proportional control valve 68, 
When the piston 52 reaches the position shown in dotted 

15 lines 78, best shown in Figure 2, collar 80 contacts limit 
switch 84, stopping the piston 52, reversing the direction 
of its travel and returning it to its original position. 
When piston 52 reaches its original position, collar 80 
contacts limit switch 84, stopping the travel of the 

20 piston 52 and reversing it for another stroke. 

Compression of the metal by the piston 52 inside the 
compression chamber 30 generates heat. Thermocouple 49 
senses the temperature in the compression chamber 30 and 
25 regulates the heating of the walls 46 of the compression 
chamber 30 by the heating coil 48. 

Core material 86, which may be "E glass" or "C glass" 
type fiberglass or other suitable fiber such as an opti- 
30 cal, carbon or synthetic fiber, or a fine wire comprised 
of a highly conductive metal such as copper or aluminum, 
may be maintained at a predetermined tension as it is 
pulled off the reel 88 by a constant tension motor-control 
: assembly such as that shown schematically in Figures 1 and 
35 2 at 90. As core material 86 is pulled off the reel 88, 
the shield 92 around the reel 88 helps prevent core 
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. material 86 from tangling and shields it from any loose 
objects that may be near the reel 88. Core material 86 is 
pulled off the reel 88 through a centering ring 94, and 
drag tension is supplied by spring tensioner 96 to prevent 
5 fiber tangling. Roller 98 guides core material 86 toward 
the entry die 58 and exit die 60, where it is coated with 
metal to form a fine, composite wire 100. As the wire 100 
exits from the die holder 62, it traverses roller 102, 
turning it downward to traverse floating weight 104, which 

10 turns it back up to roller 106, thereby helping to main- 
tain constant tension during starting and stopping of the " 
motors 90 and 108. The term "wire" is used, with refer- 
ence numeral 100, to designate the composite wire which 
results from the coating of core material 86, whether it 

15 is a fibrous material or a highly conductive metal wire, 
with an extrudible, corrosion- resistant metal such as 
lead, zinc or nickel. Roller 110 then guides the wire 100 
towards the traversing means 112. As- the wire 100 
traverses roller 110, proportional - velocity encoder 114 

20 measures its speed and cooperates with. traversing means 
112 and motors 90 and 108 to wind the wire 100 onto the 
take-up spool 116. The traversing means 112 moves back 
and forth along the traverses bar 118 to insure even 
winding of the wire 100 on the take-up spool 116. 

25 

Referring now to Figures 3 and 4, entry die 58 and 
exit die 60 are retained within die separator 120 by 
spacing washers 122a and 122b. Die separator 120 is 
retained within the cavity 65 in the die holder 62, and 

30 compression is provided by the tightening of the retaining 
plug 124 in the threads 123 in the die holder 62. Entry 
die 58 is provided with flange 59 and exit die 60 is 
provided with flange 61, the flanges 59 and 61 abutting 
the ends 119 of the die separator 120, thereby maintaining 

35 the spacing between the dies in the interior 56 of the die 
separator 120. Die holder 62 is provided with an aperture 
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126 which, when the die separator 120, entry die 58, exit 
die 60, and spacing washers 122 are assembled into the die 
holder 62, will be aligned with the aperture 128 in the 
die separator 120. Aperture 126 is sized to fit snugly 
5 against, aperture 54 on the bottom of the compression 

cylinder 30 when die holder 62 is screwed on threads 119 
into the threaded aperture 121 in the wall 46 of the 
compression cylinder 30. 

10 Die holder 62 is also provided with aperture 130 for 

passage of core material 86 (not shown). Entry die 58 is 
provided with an aperture 132 at the apex of the taper 
134. Metal is forced out of compression chamber 30 by 
piston 52, through apertures 54, 126 and 128, and into the 

15 space 56 between the entry die 58 and exit die 60. 

The exit die 60 is provided with an exit aperture 136 
at the apex of the conical taper 138. The taper 134 of 
entry die "58 is tapered in" the direction of the movement 
20 of the core material 86. The taper 138 of exit die 60 is 
preferably tapered in the direction opposite the direction 
of movement of core materials 86, but can be tapered in 
the same direction as the movement of core material 86, or 
not tapered at all. Tapering the exit die 60 in the 

25 direction opposite the direction of movement of core 
material 86 is preferred because, even though other 
configurations may allow the use of decreased extrusion 
pressures, the tooling life and concentricity of the core 
material 86 in composite wire 100 suffers. Further, 

30 retaining plug 124 must be torgued more tightly into 

threads 123 against the washers 122 and flanges 59 and 61 
of entry die 58 and exit die 60, respectively, because of 
the increased pressure exerted against the exit die 60 by 
the metal in space 56, if the exit die 60 utilized is not 

35 tapered in the direction opposite the direction of move- 
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ment of core material 86. Retaining plug 124 is also 
provided with aperture 140 for passage of wire 100. 

Referring to Figures 11 and 12, there is shown a 
5 presently preferred embodiment of the die assembly of 
Figures 3 and 4 in which the various components are, to 
the extent possible, given reference numerals and descrip- 
tive names corresponding to those of the components shown 
in Figures 3 and 4. In particular, the entry die 58 1 and 

10 exit die 60 1 are retained within die separator 120 1 by 
back-up washers 122a' and 122b 1 , and compression is 
provided by the tightening of the retaining plug 124' into 
the cavity 65 1 in the die holder 62 1 on the threads 123'. 
Because the retaining plug 124 1 is provided with threads 

15 125 1 on which it is threaded into cavity 65* in die holder 
62* , it may have a slight cant to the face 63 f , which 
could result in the skewing of the exit die 60 1 within the 
__die separaton_120 l . To prevent any such skewing, a thrust 
washer assembly having a convex face washer 67* and a 

20 concave face washer 69 1 is interposed between the retain- 
ing plug 124' and the back-up washer 122b'. The inter- 
action of the concave and convex surfaces of washers 67* 
and 69 1 effectively prevents any skewing which may result 
from the tightening of retaining plug 124* against back-up 

25 washer 122a' . 

The die holder 62' is provided with aperture 126 1 
which is sized to fit snugly against, the aperture 54 on 
the bottom of compression cylinder 3Q' (see Figures 1 and 

30 2). Die separator 120 1 is provided .with flanges 127a' and 
127b' at each end, and a central portion 129' of smaller 
diameter, . the diameter of flanges 127a' and 127b 1 being 
approximately the same as the inside diameter of the 
cavity 65 1 in the die holder 62 1 whi^ch receives die 

35 separator 120 1 . The combination of flanges 127a 1 and 

127b' and the smaller diameter of central portion 129 f of 
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die separator 120 f leaves a space 131' between the central 
portion 129' of die separator 120* and the inside wall of 
cavity 65' in die holder 62'. Space 131' is in fluid 
communication with the interior 56' of die separator 120 1 
5 by means of apertures 135a' and 135b' • 

. Because of the pressure exerted by the .pressurized 
material in space 56' against the entry die 58 1 and exit 
die 60', there is no need for flanges on the dies 58' and 

10 60' such as the flanges 59 and 60 shown in Figures 3 and 
4. In order to retain the dies within the space 56 f in 
die separator 120 1 during transit , and to insure the axial 
alignment of the dies, the diameter of the dies is approx- 
imately 0.0127 mm larger than the diameter of the inside 

15 walls of the interior 56 1 of die separator 120 and the . 
dies are pressed fit into die separator 120' using heat, 
oil and a hydraulic press. 

Die holder 6*2 1 is also provided with aperture 130 f 
20 for passage of" core material 86 (not shown). Entry die 
58* is provided with an aperture 132' at the apex of the 
taper 134 1 . Exit die 60* is provided with an exit aper- 
ture 136' at the apex of the conical taper 138*. Retain- 
ing plug 124' is also provided with aperture 140 1 for 
25 passage of wire 100. 

The embodiment shown in Figures 11 and 12 is charac- 
terized by the fact that the pressure exerted on core 
material 86 as it passes through space 56 is equal in all 

30 directions. When producing small diameter composite wire 
with an apparatus such as is shown in Figures 3 and 4, the 
core material does not stay centered within the space 56 
relative to the aperture 136 in exit die 60 as a result of 
the differential pressure exerted on core material 86 from 

35 above as the lead is forced through apertures 126 and 128. 
This differential pressure forces core material 86 down- 
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wardly such that it no longer enters the aperture 136 in 
the exit die 60 in the center of that aperture 136, 
causing the core material 86 to be off-center in the 
composite wire 100. This differential downward pressure 
5 may bIbo be sufficient to cause the deformation of the 
tooling in the die carrier 62. 

The high extrusion pressure is the result of the 
economy afforded by high production speeds. To maximize 
production efficiency and reduce the need to reload the 
compression chamber, a larger diameter compression chamber 
30 (approximately 15.875 mm) and piston 52 are used. A 
small diameter chamber and piston would require frequent 
stopping of the apparatus for reloading. However, when 
producing a 0.381 mm diameter composite wire with a 0.254 
mm glass core, the large diameter of the chamber and 
piston causes the reduction ratio to exceed 3100 to 1. 
The use of a compression chamber of very long length and 
small diameter would result in less frequent reloading and 
a decrease in reduction ratio, but is not preferred 
because of the problems of alignment of the piston and 
compression chamber and the lack of stiffness in a long 
piston. 

25 This high pressure is also a result of the mathe- 

matical fact that extrusion pressure is not a linear 
function of the reduction ratio, consequently extrusion 
pressure increases at a rate greater than the proportional 
increase in the reduction ratio. High extrusion pressures 

30 create design problems which are overcome in the present 
invention. For instance, it is known that when reduction 
ration exceeds 250:1, the extrusion pressure will be so 
high it will exceed the capability of the walls of the 
compression chamber to retain their shape even .if the 

35 walls are constructed of high strength steel. Such high 
extrusion pressures can actually cause the walls of the 
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chamber to bow outwardly as the piston is urged against . 
the metal in the chamber, allowing the metal to escape 
past the piston, creating the problems which result from 
such leakage that are discussed below. The bowing of the 
5 cylinder walls is particularly pronounced when the piston 
is approximately half way down the cylinder. To prevent 
this bowing of the walls of the compression chamber, 
multiple concentric cylinders (not shown) are used as the 
walls of the compression chamber. In a presently 
10 preferred embodiment, as many as four cylinders, the 
outside diameter of each being approximately 0.0254 mm 
larger than the inside diameter of the adjacent, sur- 
rounding cylinder, are pressed one into the other to form 
the walls of the compression chamber. 

15 

To minimize the loss of this extremely high extrusion 
pressure, thereby avoiding the use of even higher pres- 
sures to achieve the desired pressure in the space 56, the 
exit die 60 is placed directly beneath the compression 

20 chamber 30, resulting in the differential pressure across 
the apertures 126 and 128 and the deflection of the core 
material 86 downwardly in space 56. To minimize this 
differential pressure, while still minimizing the extru- 
sion pressure required, the presently preferred construc- 

25 tion of Figure 11 is utilized. Exit die 60 1 is located 
directly below compression chamber 30, but metal is 
admitted into the space 56 in two directions which are 180 
degrees apart, thereby equalizing the pressure exerted 
against the core material 86. Material is forced out of 

30- compression chamber 30 by piston 52, through apertures 54 
and 126', into the space 131 l , around the central portion 
129* of die separator 120', through apertures 135a 1 and 
135b f , and into the space 56 f between entry die 58 1 and 
exit die 60*. Additional apertures may be provided so 

35 long as they are spaced at regular intervals around the 
central portion of die separator 129 f and so long as none 
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of the apertureB is located directly under the aperture 54 
at the bottom of the compression chamber 30. Using the 
embodiment shown in Figures 11 and 12, the concentricity 
of the core material relative to the outside diameter of 
5 the composite wire 100 can be maintained to within + 5%. 

Piston 52 is shown in enlarged detail in Figure 5. 
The piston 52 is provided with a beveled surface 142 on 
the bottom of the piston 52. The piston 52 is also 

10 provided with annular lands 144 and 145, and a transverse 
hole 148 through the piston. Vertical hole 150 communi- 
cates with transverse hole 148. Beveled surface 142, 
lands 144 and 146, transverse hole 148 and vertical hole 
150 cooperate to help seal piston 52 along the inside wall 

15 152 (Figure 1) of compression chamber 30 and to help 

center the piston 52 in the compression chamber 30 during 
the compression stroke of piston 52. Metal under high 
pressure is forced up through vertical hole 150 into 
transverse hole 148 and into the space formed by lands 144 

20 and v 146 and the inside wall 152 of the compression chamber* 
30 effectively sealing piston 52 against the wall 152 and 
centering it within the compression chamber 30. 

This sealing construction is made necessary by the 
25 high extrusion pressure of the apparatus. For instance, 
even though the clearance between the piston 52 and the 
inside wall 152 of compression chamber 30 can be made as 
small as 0.0127 mm, that much radial clearance is enough 
to allow excessive leakage of the extrudible, corrosion- 
30 resistant metal past piston 52 during compression, and the 
concommitant loss of usable extrusion pressure. Because 
of the small diameters of the composite wires which may be 
produced using the method and apparatus of the present 
invention, if this sealing construction is not used, as 
35 much as ten times more metal can leak past the piston 52 
than is applied to the core material. In addition to the 
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fact that this leakage results in the use of more metal 
(although the leakage can be recycled) and therefore 
requires. more frequent reloading of compression chamber 
30, thereby slowing production, this leakage is generally 
asymmetrical, causing the piston 52 to be pushed off 
center in compression chamber 30 and into contact with the 
wall 152. This contact results in the immediate scoring 
of the walls 46, causing even greater leakage and loss of 
extrusion pressure. It is for this reason that the 
extremely long, small diameter compression chamber dis-. 
cussed above has proved to be of little aid in overcoming 
the need for frequent reloading of the chamber: the 
alignment and rigidity problems associated with such a 
construction multiply the problems of centering the piston 
in the chamber, thereby exacerbating the leakage of metal 
past the piston. In addition to the damage caused, the 
increased leakage and decreased extrusion pressure causes 
a drop in the maximum production -rate, -all of which are 
limitations which make the sealing construction of the 
piston 52 a central feature of the apparatus of the 
present invention. 

The construction, shown in Figure 5 allows the 
extrudible, corrosion-resistant metal to flow into the 
space formed by piston 52, lands 144 and 146, and the 
inside wall 152 of compression chamber 30. The metal 
which extrudes into this space lacks the pressure needed 
to extrude past annular land 144, effectively preventing 
leakage past piston 52. 

Additionally, the metal which extrudes into the space 
formed by pistons 52, lands 142 and 144, and wall 152 is, 
depending on the extrusion pressure, pressurized to 
between about 351 and 703 Kg/cm 2 . Generally, it appears 
that the pressure of the metal in this space will vary 
from approximately one-fourth to one-third of the pressure 
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of the compression chamber 30. This pressure is exerted 
between piston 52 and wall 152 equally around the piston 
52 , forcing piston 52 to the center of compression chamber 
30 and further preventing contact between the piston 52 
5 and wall 152, At the. same time, the metal in this space 
provides what amounts to a low friction bearing surface 
which is similar to a babbit bearing, reducing piston drag 
and leaving more hydraulic force for extrusion. Pistons 
with seals constructed in this manner have been tested for 
10 several months. After millions of cycles / no sign of wear 
or leakage has appeared, and the piston and cylinder wall 
are unscored even after heavy use, all of the extrudible, 
corrosion-resistant metal having been applied to the core 
material . 

15 

The use of a long, small diameter compression chamber 
would most likely obviate the need for the sealing con- 
struction _of piston 52 since the small diameter of the 
chamber >30 would reduce the reduction ratio to a point at 

20 which it would not develop the 2,812 - 3,515 Kg/cm 2 

extrusion pressures required by the preferred embodiment 
of the present invention to maintain efficient production 
rates. In fact, the use of a long, small diameter 
compression chamber has such an effect on extrusion 

25 pressure that it would likely permit the use of a straight 
piston without any seals. However, the aforementioned 
alignment, stiffness and centering problems associated 
with such a construction are such serious limitations as 
to limit the utility of that construction. 

30 

Hydraulic cylinder 50 is mounted on platform 154, 
supported above base 158 by columns 156, and held in place 
by bolts 160 and 162. Slide 21 is mounted to columns 156 
and serves as a support for feed cylinder 24 and its 
35 piston rod 26 and plunger 22. Compression chamber 30 is 
supported by table 164 and is provided with a downwardly 
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projecting hemi spherical ear 166 which is received within 
cavity 168 of table 164. Bolt 170 projects up through a 
hole 172 in the base 158 and hole 174 in table 164 and is 
received in the threaded aperture 176 of the hemispherical 
5 ear 166 , The inside radius of cavity 168 is slightly 

larger than the radius of hemispherical ear 166 such that 
when compression chamber 30 is screwed onto bolt 170, 
cavity 168 and hemispherical ear 166 will cooperate to 
center the compression chamber on table 164 so that 
10 aperture 28 is in axial alignment with bore 17 when 

plunger 22 is in the extended position shown by the dotted 
lines 36 in Figure 1 and in axial alignment with piston 52 
when plunger 22 returns to its initial position. 

15 Referring now to Figure 2, operation of the apparatus 

of the present invention is controlled from control panel 
178 by appropriate circuitry. Control panel 178 is 
connected to feed cylinder 24 by input line 32 and output 
line 34. Proportional control valve 68 is connected to 
20 the control panel 178 by input line 68 ± and output line 
68 , thereby controlling hydraulic cylinder 50. Limit 
switches 40, 44, 82, and 84 and motors 90 and 108 are 
connected to control panel 178 by the respective input and 
output lines 40 ji and 40 Q , 44.. and 44 Q , 82^^ and 82 o , 84 i 

25 and 84 Q , and 108 A and 108 o , and 90 ± and 90 Q . Inputs to 
the control panel 178 are received from the thermocouples 
20 and 49 through lines 20 i and 49^ respectively, and 
preheating coil 18 and heating coil 48 are controlled on 
the basis of that input through respective input and 

30 output lines 18 i and 18 Q and 48., and 48 o . Input is also 
received from proportional velocity encoder 114 by means 
of line 114V. In this manner, all operational parameters 
may be set arid controlled before and/or during operation 
of the apparatus of the present invention. 
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An important characteristic of the continuous, 
composite wire of the present invention is its resistance 
to corrosion from attack by the acid of a battery or, in 
the case of fiber optic communications cables, the harsh 
environment in which the cable will be used as described 
below. As a general rule, the smaller the grain size of 
lead, for instance, the greater its resistance to corro- 
sion. The large grain size does not itself cause corro- 
sion, but when corrosion starts, it attacks the grain 
boundaries, and small grain size reduces the suscepti- 
bility of the grain boundaries to attack. The method and 
apparatus of the present invention result in the extrusion 
of lead of high corrosion resistance at least partly 
because of the small grain size produced. 

When lead is cast and then solidified, the average 
grain size is approximately 6.35 mm. Using the method and 
apparatus of the present invention, the average grain size 
of the lead is approximately 6.35 x 10" 6 mm as determined 
with the scanning electron microscope. 

* * * 

The method of the present invention may be better 
understood by reference to the following examples. 

Example I . 

For use in Example I, the apparatus of the present 
invention was provided with an entry die with an aperture 
of approximately .013". The aperture in the exit die was 
approximately .020" in diameter, and the distance between 
the end of the -entry die and entrance of the exit die was 
set at approximately .006". 
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Lead balls were loaded into vibratory feeder, 

vibrated into the conduit for preheating, and then allowed 

to feed into the compression chamber , where the lead was 

heated further and the temperature in the chamber allowed 

5 to stabilize at approximately 232 °C. With the constant 

tension motor-control assembly pulling the fiber to keep 

it from tangling, the fiber was moved through the dies at 

a rate of approximately 30.48 meters per minute while the 

lead was extruded at a pressure of approximately 2,812 
2 

10 Kg/cm plus or minus 25%. When measured at the apex of 
the exit die aperture, the temperature of the lead was 
approximately 307 °C. 

Using this method, a commercially available aramid 
15 fiber, marketed under the trade name "KEVLAR 49" was used 
as a core fiber to produce a fine, continuous, composite, 
electrically conductive wire of a diameter of approximate- 
ly 0.508 mm. the thickness of the lead around the fiber 
core was approximately 0.127 mm. - — 

20 

Example II. 

The same operating procedure was used to coat a 

commercially available chemical glass yarn known in the 

25 industry as n C glass". Production rates of from 46 to 91 

meters per minute were utilized at extrusion pressures of 

2 

2,812 to 3,515 Kg/cm , plus or minus 25%. When "C glass" 
is used as the fiber core of a lead coated wire, the com- 
posite wire produced according to this procedure has a 
30 diameter of approximately 0.635 mm and the thickness of 
the lead coating is approximately 0.1524 mm. 

Example III. 



35 



The same operating procedure was used to coat a 
commercially available C glass of 0.254 mm in diameter, 
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resulting in a composite wire with an outside diameter of 

0.381 mm. An entry die with an aperture of approximately 

0.3048 mm in diameter was used with an exit die with an 

aperture of about 0.381 mm, and the space between the dies 

5 was about 0.0762 mm. Extrusion pressures of from about 

2 

2,812 to about 3,515 Kg/cm + 25% were utilized. 
Example IV. 

10 The same operating procedure was used to coat a 24 

AWG copper wire with a diameter of 0.508 mm with lead, 
resulting in a composite wire with a diameter of 0.7112 
mm. The diameters of the entry and exit dies utilized 
were about 0.5334 mm and about 0.7112 mm, respectively, 

15 and the space between the dies was about 0.1016. 

Extrusion pressures of from about 2,109 to about 2,812 
Kg/cm 2 + 25% were utilized. 

Example V. 

•it 

20 

The same operating procedure was used to coat an 

aluminum wire 0.2032 mm in diameter with lead, resulting 

in a composite wire with a diameter of 0.381 mm. The 

diameters of the entry and exit dies utilized were about 

25 0.254 mm and about 0.381 mm respectively, and the space 

between the dies was about 0.0762 mm. Extrusion pressures 

2 

of from about 2,812 to about 3,515 Kg/cm + 25% were 
utilized. 

30 Example VI . 

The same operating procedure was used to coat a 
single monafilament optical fiber available from Owens- 
Corning Fiberglass of 0.381 mm in diameter with lead, 
35 resulting in a composite wire with a diameter of 0.635 mm. 
The diameters of the entry and exit dies utilized were 
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about 0.4572 mm and about 0.635 mm, respectively, and the 
space between the dies was about 0.127 mm. Extrusion 
pressures of from about 2,109 to about 2,812 Kg/cm 2 + 25% 
were utilized. 
5 m 

* * * 

Similar operating parameters may be used to coat 
other fibers with extrudible, corrosion- resistant metals 

10 such as lead, zinc or nickel. For instance, other grades 
of Kevlar may be used, as well as materials such as the 
carbon fibers which are commercially available under the 
trade name "FORTAFIL" made and sold by the Great Lakes 
Carbon Corporation in New York in several grades. In 

15 addition, other glass yarns such as the yarn known as ,f E 
glass" may be coated using the method of the present 
invention. Highly conductive metals such as silver, gold, 
* nickel and tantalum may likewise be suitable as core * ~" 
materials for the composite wire of the present invention. 

20 

Production rates as high as about 152.4 meters per 

minute have been attained with the apparatus and method of 

the present invention, with extrusion pressures ranging up 

2 

to about 4,218 Kg/cm . The speed at which the composite 
25 wire is produced is limited by the temperature of the 

metal at the aperture of the exit die. This temperature 
will vary according to the metal being coated onto the 
core material and the pressure at which it is extruded. 
For instance, under the conditions summarized in Example I 
30 above, the temperature of the metal at the aperture of the 
exit die is approximately 307°C. This temperature is 
significantly lower than the melting point of lead, 327°C, 
thereby preventing liquid lead runaway, yet high enough to 
impart the required plasticity to the lead. In the case 
35 of zinc, or nickel, temperatures at this point of between 
385 and 404°C or 1066 and 1121°C, respectively, are called 
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for. Generally, at higher production rates, higher 
extrusion pressures are required, and hence, the 
temperature at the aperture of the exit die will be 
higher. In order to attain production rates higher than 
5 about 152 meters per minute under the conditions 

summarized in Example I, above, it is necessary to cool 
the area round the dies, i.e., by the use of hydraulic oil 
or synthetic cooling fluid such as is available under the 
brand name DOWTHERM, or a similar fluid, and input and 
10 output lines leading to a heat radiator. 

The composite wire having a core of either a fibrous 
material or a highly conductive metal made by the above- 
described methods and a coating of lead may be woven on a 

15 conventional weaving apparatus into a scrim or wire cloth. 
In addition to its use in electrochemical cells, such a 
scrim or cloth has a number of other uses, for instance, 
as a blanket or wrapping to absorb ionizing and/or elec- 
tromagnetic radiation or as- sounds insulation. The mass of 

20 the scrim per unit area, and hence its ability to absorb 
ionizing radiation, is governed by the number and diameter 
of composite wires per unit of length of the woven cloth, 
and to a lesser extent, by the choice of core material. 
Of course, a fabric woven from the composite wire of the 

25 present invention will not have total shielding, but will 
significantly attenuate the radiation. Multiple layers 
may also be used to increase attentuation as desired. 

A large scrim or blanket woven with a lead-coated E 
30 glass core 0.508 mm in diameter, the core being 0.3302 mm 
in diameter, can, for instance, be woven 4 strands per cm 
and supplied in rolls. The blanket is wound off the rolls 
and glued or epoxied to the Sheetrock used to finish out 
the interior walls of a building, thereby providing 
35 effective shielding of that room so that it can be safely 
used for X-ray equipment or radiation therapy equipment. 
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The blanket may also be used as a curtain, hung, for 
instance, from a track so that it can be retracted for the 
same purpose. 

When an optical fiber is used as the core material, 
the resulting composite wire has particular application in 
telecommunications cables. Several such composite wires 
may be cabled and coated with a lead sheath as shown in 
Figure 23 and as will be developed. Optical telecommuni- 
cations cables are often laid through sewers, buried in 
the earth, or placed in other environments in which the 
cable will be subject to chemical attack either directly 
for from the products of certain types of bacteria found 
in such locations. In such environments, conventional 
insulating and protectant coatings may be degraded, 
whereas a coating of lead or other extrudible, corrosion- 
resistant metal will not be degraded. 

' The presently preferred use of the composite wire of 
the present invention is as a grid in the electrode of a 
lead acid battery, shown in Figure 6. The scrim 180 is 
cut to the appropriate size and a pure (or alloyed) lead 
back frame 182 is provided to collect and remove current 
from the grid. For special applications, at the points in 
the fabric at which the lead wires cross each other 184, 
the wires may be welded or electroplated together. At the 
edges of the scrim, the wires may either be wrapped, as 
shown at 186, or provided with a frame 182, as shown at 
188. The frame 182 may be cast, welded, or extruded onto 
the scrim 180, and may be comprised of any appropriate 
material providing mechanical strength, with or without 
electrical properties. 

The scrim of composite wire, having either a fibrous 
material or a highly conductive metal core, may also be 
provided with a frame constructed of a composite wire, or 
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bus bar, constructed according to the present invention 
and having a highly conductive metal core as shown in 
Figure 14. For purposes of clarity, the details for the 
electrode grid which are shown in Figure 6 are not shown 
5 in Figure 14 (or Figures 15 - 18). Figure 14 shows a grid 
constructed of a scrim 195 and frame 196, the frame 196 
terminating in two posts, designated generally at 197, 
which are, electrically speaking, integral in that both 
carry current of the same charge in the same direction, 
10 i.e., to the terminal of a battery (not shown) or to 

another grid in the battery (not shown). The ends of the 
wires which comprise scrim 195 are soldered to frame 196. 
The frame is comprised of a relatively thick composite 
wire (i.e., 0.7112 mm in diameter in a presently preferred 
15 embodiment) having a copper core material and a lead 

coating in a presently preferred embodiment. This con- 
struction combines the high conductivity of copper with 
the long life provided by the fact that the acid in the 
battery "sees" only the exterior coating of lead on the 
20 bus bar or frame 196. For special applications in which 
the weight of the battery is not of primary concern, or in 
which a high current is needed, or in situations in which 
the normal heating of the battery during charge/discharge 
cycles must be minimized, the scrim 195 may also be 
25 constructed of a composite wire having a highly conductive 
metal core rather than a fibrous material core. Depending 
upon the use to which it will be put, several alternative 
constructions of the bus bar and scrim may be utilized 
such as those shown in Figures 15-18. 

30 

When a composite wire made by extruding a 0.1524 mm 
coating of lead onto C glass with a 0.3302 mm diameter was 
woven into such a scrim, the weave was such that the 
distance between the points 184-184 in Figure 6 was 
35 approximately 5.08 mm. It will be recognized by those 

Bkilled in the art who have the benefit of this disclosure 
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that spacings as large as about 25.4 nun or. as email as 
about 2.54 mm may be desirable in certain applications, 
and that different diameters of lead-coated wire may be 
woven into a scrim to optimize grid strength and conduc- 
5 tivity .for certain applications. For instance, negative 
grids have different operating requirements, and may 
require different scrim spacing and lead coating thickness 
than positive grids. 

10 The grid shown in Figure 6 may be used for either the 

positive or negative grid of the battery. When used as 
the positive grid, the scrim 180 must be coated with a 
thick layer of active material. Because of the loose 
weave of the scrim 180, during manufacture of the positive 

15 electrode, a paste of active material 190 may be forced 
into the spaces 192 of the scrim 180. . When cured, the 
lattice work of the scrim acts as a scaffolding .to retain, 
the active material on the grid, and the result is an 
electrode -of increased durability and conductivity, and 

20 decreased weight. Further, the tests which are described 
below have shown that it is possible to modify batteries 
according to the teachings of the present invention such 
that the modified battery will out-perform an identical, 
unmodified battery. Consequently, it has been discovered 

25 that it is possible to reduce the amount of active mate- 
rial applied to each grid, while maintaining the per- 
formance characteristics of the battery constructed from 
those grids, resulting in a savings of space as well as 
weight. 

30- 

For even greater durability of the active material of 
the positive electrode, with decreased weight compared to 
conventional positive electrodes, lead-coated composite 
wire made according to the method of the present invention 
35 of approximately 0.381 mm in diameter with a lead coating 
of approximately 0.0762 mm in thickness may be chopped 
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into short pieces (approximately 2.54 to 12.7 nun long) and 
homogeneously mixed into the paste of active material. As 
Bhown in Figure 6, the short pieces of lead-coated com- 
posite wire 194 are dispersed throughout the paste of 
5 active material 190 , and the paste iB then applied to the 
scrim 180. The high tensile strength of the lead-coated 
composite wire in the scrim 180 helps hold the active 
material in place in much the same manner that steel 
reinforcing bars give strength to concrete castings, and 

10 the pure lead coating of the short lead-coated composite 
wires 194 provides a multitude of light weight, super- 
conducting paths through the active material 190. In this 
manner, the electrode constructed in accordance with the 
present invention overcomes the limitations of the thick- 

15 ness of the active material imposed by the weight of the 
active material, the semiconductor characteristics of the 
active material and the internal support needed to keep 
the active material from falling apart. 

V 

20 Even though the layer of active material on the 

negative electrode grid is strong enough and of adequate 
electrical conductivity so as not to require the presence 
of the chopped lead-coated composite wire as described 
above, the composite wire of the present invention may 

25 still be used to advantage in the negative electrode. In 
particular, lead-coated composite wire produced according 
to the method of the present invention may be woven into a 
scrim to serve as the grid element of the negative elec- 
trode. Because of the high tensile and shear strength of 

30 the composite wire of the present invention and its light 
weight, such a grid represents a significant improvement 
in the durability of the grid as well as a substantial 
decrease in the weight of the grid. 

35 A plurality of pairs of positive and negative elec- 

trodes constructed according to the present invention may 
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be assembled into an otherwise conventional battery case 
to provide a battery of high capacity, long life and high 
specific energy. 

5 The lead-coated composite wire of the present inven- 

tion iB particularly well adapted for use in a so-called 
"biplate 11 battery. These batteries are characterized by 
the high voltages they produce (on the order of 2.2 V per 
cell and 40 - 150 VDC per battery), with low current, and 

10 their small size, which can be as small as that of a 

conventional battery. Of special significance is the fact 
that each of the cells of a biplate battery conducts 
energy "through the wall" of the cell and into the next 
cell, eliminating the heavy lead bus bars that parallel 

15 the positives and negatives in a single cell. Further, 
since battery output current is low and voltage is high,, 
smaller lead posts can be used at each end of the battery, 
leading to further weight savings. 

20 A biplate battery can be constructed of a series of 

cells arranged so as to keep the electrolyte of each of 
the cells separate while providing for electrical con- 
tinuity between cells. This separation is accomplished by 
plates 198 (see Figures 7-10), made of polyethylene, 

25 polypropylene or similar material, the edges 200 of which 
are embedded in the walls 202 of the battery case 204, 
sealing the cells 206A, 206B, 206C, and 206D. The top 
edges 208 of the plates .198 are embedded in the top 210 of 
the battery case 204 to completely seal the cells 206A, 

30 206B, 206C, and 206D. 

The electrical conductivity between cells is provided 
by the lead-coated wire of the present invention, which is 
woven into a scrim 212 and wrapped around the edges of the 
35 plates 198 before the plates 198 are embedded in the walls 
202 and top 210 of battery case 204. The scrim 212 can be 
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woven and applied to the plate 198 in the configuration 
shown in Figures 7 and 10, which is the presently 
preferred configuration, or in the alternative embodiment 
shown in Figure 8. In the embodiment shown in Figures 7 
5 and 10, the current moves from cell 206D to cell 206C, and 
then on to cell 206B and cell 206A, in the direction of 
the arrows 214 (i.e., over the top 208 of plate 198). In 
the alternative embodiment shown in Figure 8 / the current 
moves from one cell to the next in the direction of arrows 
10 216 (i.e., around the edges 200 of plate 198). It is 

understood that a combination of a tight press fit and/or 
sealant is used at the edges 200 and top 208 of the plates 
198 to seal them to the walls 202 and top 210 of battery 
case 204 regardless of which embodiment is used. 

15 

If the embodiment shown in Figures 7 and 10 is 
utilized, the number of vertical wires in the scrim 212 is 
increased to facilitate conductance over the top edge 208 
of plate 198 in the direction of the arrows 214; if the ^ 

20'-. embodiment shown in Figure 8 is utilized, the number of 
horizontal wires in the scrim 212 is increased to facili- 
tate conductance around the edges 200 of the plate 198 in 
the direction of the arrows 216. The plates 198, with the 
scrim 212, are provided with a paste of active material 

25 (not shown for purposes of clarity) as is known in the 
art. It is understood that the positive side of each 
plate 198 is provided with a positive paste, that the 
negative side of the plate is provided with a negative 
paste, and that the paste is not continuous around the 

30 edges 200 or top 208 of the plates 198. The scrim 212A is 
provided with a layer of positive paste, and the scrim 
212D is provided with a layer of negative paste. 
Depending upon the thickness of the layer of active 
; material and the purpose for which the battery will be 

35 used, the number of horizontal wires in the scrim 212 in 
the embodiment shown in Figures 7 and 10 may be decreased 
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or the horizontal wires may even be eliminated; in the 
case of the alternative embodiment shown in Fig. 8, the 
number of vertical wires in the scrim 212 may be reduced 
or even eliminated. The scrim is provided only with 
5 enough wires running in a direction perpendicular to the 
direction of the current to provide the amount of 
durability required for a particular application. 

The individual cells 206A, 206B, 206C and 206D are 
10 filled with an electrolyte (not shown), which can be 
either a liquid or a gel. The cells are also provided 
with separator 218, made of C glass, and a fully oxidized 
pad, which acts as a "sponge" to hold electrolyte. The 
separators 218 are thick enough that they actually contact 
15 the active material on the scrim 212, facilitating their 
function of helping to hold the active material in place 
by sandwiching the active material between the separator 
218 and the plate 198. In the case of scrims 212A and 
212D, lihe separator 218 helps to hold the active material 
20 in place between the separator 218 and the end walls of 
the battery case 204. 

The cells 206D and 206A, at the negative and positive 
ends of the battery case 204, respectively, are provided 

25 with scrims 212D and 212A, respectively. These scrims 

212D and 2 12 A are terminated at their top edge on bus bars 
220 and 222, respectively, sealed in glass, polypropylene 
or other plastic, or glass in polypropylene. The bus bars 
220 and 222 may be constructed of lead or, preferably, 

30 copper, and the scrims 212D and 212A are soldered or 

welded to their respective bus bars 220 and 222. Bus bars 
220 and 222 are provided with posts 224 and 226, respec- 
tively. The top 210 of the battery case 204 is provided 
with a cover 228, which could also be provided with a 

35 conventional vent hole (not shown) as is known in the art. 
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Referring to Figure 13, there is shown an alternative 
embodiment of the biplate battery of Figures 9 and 10, in 
which the various parts are referenced, to the extent 
possible, by the same numerals which are used in Figures 9 
5 and 10. .. Plates 198* are embedded in walls 202* of battery 
case 204 1 sealing the cells 206A' , 206B ! , 206D' . The top 
edges 208' are embedded in the top 210' of battery case 
204' to completely seal the cells 206A' , 206B 1 , 206C and 
206D* . 

10 

A scrim 212 1 is woven and applied to the plates 198' 
in much the same manner as shown in Figures 7 and 8, but 
the wires of scrim 212' are not continuous around the 
edges 200 f or the top edges 208' of plates 198 1 - Elec- 

15 trical conductivity between cells is provided by con- 
nectors 207' , which may be constructed of copper or 
aluminum, to which scrims 212' are connected. To save 
additional weight in applications which do not require 
high current output, connectors 207' may be eliminated and 

20 the wires of scrims 212 1 may simply be twisted, soldered 
or electroplated together. In the embodiment shown in 
Figure 13, connectors 207' are isolated from chemical 
attack by the electrolyte (not shown) contained in cells 
206A', 206B', 206C 1 and 206D 1 , consequently it is not 

25 necessary to construct connectors 207 1 from the composite 
wire of the present invention having a highly conductive 
metal core and a lead coating to resist attack by the acid 
electrolyte. Connectors 207 1 are isolated from the 
electrolyte by top 204 1 , and may be embedded in the 

30 material making up the top 210* or, as shown in Figure 13, 
in another material such as the silicone rubber inserts 
209' . Both top 210 ! and inserts 209' may be constructed 
of a* variety of other materials as discussed above with 
reference to Figures 9 and 10. 
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The individual cells 206A' , 206B 1 , 206C' and 206 f D 
are filled with an electrolyte, which can be either a 
liquid or a gel (also known as a starved immobilized or 
recombinant electrolyte). When a gel electrolyte is used, 
5 the battery constructed in the manner shown in Figure 13 
is particularly well adapted to applications in which the 
battery will be vibrated or even inverted because the 
electrolyte cannot spill out of the cells. Each of the 
cells, 206A', 206B 1 , 206C 1 and 206D 1 is provided with a 
10 separator 208' which contacts the paste of active material 
(not shown) which is applied to scrims 212 1 on both sides 
of each plate 198, and to the scrims 212A' and 212D 1 at 
the ends of battery case 204 1 . 

15 Scrims 212A 1 and 212D' are terminated at their top 

edge on bus bars 220 1 and 222 f , respectively, sealed in 
the inserts 209' - The bus bars 220' and 222* may be 
const ructed~of lead or, preferably;- copper, and the scrims 
212D 1 and 212A' are soldered or Velded to their respective 

20 bus bars 220 1 and 222 1 . Bus bars 220' and 222' are 

provided with posts 224* and 226', respectively. The top 
210 1 of the battery case 204 1 is provided with a cover 
228*, which may be sealed if a gel electrolyte is used or 
provided with a conventional vent hole (not shown) as is 

25 known in the art. 

Examples of the benefits of the present invention are 
as follows. Copper bus wire of 18 AWG (1.016 mm in 
diameter) was coated with a 0.127 mm layer of lead to make 

30 a composite bus wire of 1.27 mm in diameter, and the 
internal lead straps and connectors of a commercially 
available, heavy duty, golf cart size, 6 volt deep cycle 
battery were replaced with this' composite wire. A total 
of 1.157 kilograms of internal lead straps and connectors 

35 were replaced with 0.1395 kilograms of composite bus wire 
of equal current capacity, a connector weight savings of 
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approximately 88%. The resulting battery has performance 
characteristics which are at least equal in all respects 
to the performance of the unmodified battery. Further, 
the bus bars constructed in this manner are smaller in 
5 diameter than the conventional straps and connectors, 
making possible a more compact battery with equal 
capacity. 

Another heavy duty, golf cart size, 6 volt deep cycle 

10 battery was modified by replacing its grids with grids 
constructed as shown in Figure 14. The scrim was woven 
from a composite wire of 0.508 mm in diameter with a C 
glass core 0.305 mm in diameter with a 0.102 mm thick 
layer of lead coated onto it. The bus wire frame was a 

15 lead/copper (18 AWG) composite wire with a diameter of 

1.27 mm and a 0.127 mm thick layer of lead. The 69 grids 
which were replaced weighed a total of 7.35 kilograms, 
excluding active material paste, and the grids constructed 
according to the teachings of the present invention which 

20 replaced those conventional grids weighed 1.84 kilograms, 
excluding active past* materials, resulting in a grid 
weight savings of approximately 75%. The modified battery 
performed at least as well as the unmodified battery, and 
in some performance characteristics, it has exceeded the 

25 capabilities of the unmodified battery. For instance, the 
modified battery produces approximately 25% greater amp 
hours than the unmodified battery at the same discharge 
currents. The gross wet weight of the battery was reduced 
from about 29.25 kilograms to about 22.05 kilograms, a 

30 weight savings of approximately 25%. In other tests, 12 
volt lead acid aircraft batteries modified in the same way 
indicate approximately a 30% reduction in weight (11.25 
kilograms each down to about 7.65 kilograms wet weight) - 
and higher total charge capacity at equivalent discharge 

35 rates. 
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Ab stated above, the composite lead-coated wire of 
the present invention may be woven into a scrim for UBe as 
an electrode grid. A 0.381 mm diameter lead coated wire 
with a 0.203 mm copper wire core is approximately five and 
5 one half times more conductive than a 0.381 mm diameter 
lead coated wire with a glass core. Aluminum wire has 
also been used as a core material , and it is expected that 
other highly conductive metals such as silver, gold, 
nickel and tantalum may likewise be utilized for thiB 

10 purpose. Each core metal has advantages and disadvan- 
tages. For instance, the lead to copper bond is 
excellent, but the aluminum to lead bond is relatively 
poor. However, the aluminum core composite wire is much 
lighter than copper core composite wire, indicating that 

15 an aluminum core composite wire may be the construction 
which is preferred for applications in which light weight 
is more important than durability. Copper core composite 
wire is smaller in diameter at equal current ratings, 
making thinner grids, and therefore a more compact 

20 battery, possible. Silver and gold are excellent con- 
ductors, but their price is so high as to restrict their 
use to special applications. 

Of special importance is the fact that a scrim woven 
25 from a lead-coated, wire having either a fibrous core or a 
core of highly conductive metal retains its flexibility 
and can be rolled into tight spiral cells, making possible 
a high current, rechargeable lead-acid battery in sizes as 
small as "AA", something which is not possible with 
30 stamped, die cut or expanded lead grids. 

Several W AA" size batteries have been constructed 
according to the teachings of the present invention and 
tested at currents of 10 amps discharge. The grids are 
35 shown in Figure 17, and are constructed of a scrim 230 

woven from a 0.508 mm diameter composite wire with a 0.305 
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mm diameter C glass core and a 0.102 mm thick coating of 
lead. The conductor 232 used to remove current from the 
grid cloth is a composite wire of 0.711 mm in diameter 
having a 24 AWG copper bus wire core of 0.508 mm in 
5 diameter with a coating of lead extruded onto it which is 
0.102 mm thick. The composite bus wire is soldered to the 
the composite grid cloth 230 all around the ends 234 of 
the wires making up the grid 230. The bus wire may be 
eliminated for low current applications, and any one of 
10 the configurations of conductor and grid cloth shown in 
Figures 14-18 may be utilized for certain battery appli- 
cations. 

Referring to Figure 19, there is shown a pair of 

15 electrodes 236, constructed as shown in Figure 17, wound 

in a tight spiral, with a separator 238 interposed between 
them. An alternative construction of the cell is shown in 
Figure 20. Figure ^22 shows the electrodes 236 and 
separator 238, before they are wound into the spiral 

20 construction shown in Figure 19, as they would be assem- 
bled into a casing 240. The casing 240 is sealed with cap 
242, and casing 240 and 242 are provided with connectors 
244. For purposes of clarity, the paste of active mate- 
rial and the electrolyte are not shown in Figures 19, 20 

25 and 22. In a preferred embodiment, the electrolyte is a 
starved immobilized or recombinant gel electrolyte (also 
known as a suspended electrolyte) to prevent the release 
of gas during the charging of the battery. The connectors 
may be of conventional bus wire construction, but prefer- 

30 ably are constructed of a composite wire with a copper or 
aluminum core as described above. The grid cloth in the 
chimney portion 245 of electrodes 236 can be twisted and 
threaded through cap 242 for use as a connector rather 
than using the separate connectors 244 as shown in Figures 

35 19-22. Although the elimination of connectors 244 saves 
some weight, the ability of the twisted chimney 245 to 
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conduct current is less than the conductivity of the 
composite wire bus bars having a core of highly conductive 
metal. Consequently, such a construction is preferred for 
applications in which low weight is of primary concern 
5 rather than the ability of the battery to deliver power. 

Four of the cells shown in Figures 19 and 22, -each of 
which is capable of producing about 2.2 voltB, can be 
assembled into the battery case of a conventional nine 

10 volt battery as shown in Figure 21. Battery case 246 is 
shown in shadow lines to show the internal construction of 
the battery, which is comprised of four cells 247 wired in 
series by connectors 244. Connectors 248 terminate in a 
conventional positive electrode 250 and negative electrode 

15 252. 

Batteries in sizes smaller than "D" size and in 
conventional nine volt size may also be constructed of 
cells constructed in the biplate design shown in Figures 9 

20 and 10. Each casing 246 contains a number of cells with 
scrims such as the scrims shown at 212 in Figures 9 and 10 
looping up over the tops of the plates in the same manner 
as scrims 212 loop over the top edge 208 of the plates 198 
shown in Figures 7 and 8. Separators are provided the 

25 same as the separators 218, and bus bars and posts are 

used to conduct current and provide terminals in the same 
manner as the bus bars 220 and 222 and the posts 224 and 
226 of Figures 9 and 10. 

30 The present invention is also directed to the cabled 

composite wire shown in Figure 23 , and indicated generally 
at 254. Cabled composite wire 254 is comprised of several 
composite wires 256 constructed according to the teachings 
of the present invention and a lead sheath 258. The wires 

35 256 are comprised of a core material 260 with a lead 

coating 262 as described above. The core material 260 can 
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be either a fibrous material such as E glass, C glass, 
carbon or aramid fibers as discussed above, or a highly 
conductive metal such as aluminum or copper. In a 
preferred embodiment, ten composite wires 256 of 0.508 nun 
5 in diameter and having a C glass core were coated with a 
sheath of lead of approximately 0.254 mm in the thickness. 
The cabled composite wire was utilized as a high current, 
slow blow fuse material. 

10 The composite wires 256 may be twisted, plied or 

braided before sheath 258 is applied to increase the 
tensile strength of cable 254. The lead sheath is applied 
by running the composite wires 256 through the apparatus 
of Figures 1 and 2 using a die assembly having dies with 

15 apertures of sufficiently large diameter to pass the 

composite wires 256 and to coat those wires 256 with the 
lead sheath 258 of desired thickness. For instance, to 
make the preferred cabled composite wire described above, 
and entry die with an aperture of 2.36 mm in diameter was 

20 used with an exit die* having an aperture of 2.87 mm in 
diameter, the dies being spaced approximately 0.254 mm 
apart. An extrusion pressure of from about 2,109 to about 
2,812 Kg/cm 2 + 25% was used, and the temperature in the 
die carrier was maintained at about 121 to 149°C. Cables 

25 have been made with as few as 6 or as many as 12 lead- 
coated fibers. 

Cables constructed according to the teachings of the 
present invention can be tailored for particular appli- 

30- cations. For instance, the performance characteristics of 
the cable change depending upon the mass of the lead 
applied to the lead-coated fibers and the type of core 
fiber. An increase in the mass of the lead sheath which 
is applied to the lead-coated wires will, for instance, 

35 result in a cable which will not blow as quickly as a 
cable with less lead applied to it. Further, the 
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increased strength of the cable , which results from the 
use of core materials such as E glass or synthetic fibers, 
allows an increase in production speeds as well as making 
the fuse material easier to handle. 

5 

It will be understood that various modifications and 
changes may be made in the present invention by those of 
ordinary skill in the art who have the benefit of this 
disclosure. All such changes and modifications fall 
10 within the spirit of this invention, the scope of which is 
measured by the following appended claims. 

The features disclosed in the foregoing des- 
15' cription, in the following claims and/or in the 
accompanying drawings may, both separately and 
in any combination thereof, be material for 
realising the invention in diverse forms thereof. 
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CLAIMS: 

1. Apparatus for coating a core material with an ex- 
trudible, corrosion-resistant metal to form a continuous, 
composite wire characterized in that there is: 

a compression chamber containing an extrudible, 
corrosion- resistant metal therein; 

a die separator containing a first die member and a 

second die member therein and having an aperture 
for passage of a continuous core material 
therethrough; 

a die holder receiving said die separator containing 
said first and second die members therein; 

an aperture in said die holder for passage of an 
extrudible, corrosion-resistant metal there- 
through; 

an aperture in said die separator communicating with 
the aperture in said die holder operable to 
• equalize the pressure exerted by said extrudi- 
ble, corrosion-resistant metal in the space 
between paid first and second die members in all 
directions except the direction of passage of 
the continuous core material; and 

means for extruding said extrudible, corrosion- 
resistant metal out of said compression chamber 
into the space between said first and second die 
members while the continuous core material is 
passed through said first and second die members 
to form a continuous composite wire. 
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2. A method of coating a core material with an extrudi- 
ble, corrosion-resistant metal to form a continuous, 
composite wire characterized in that there is: 

5 loading an extrudible / corrosion- resistant metal into 

a compression chamber; 

exerting pressure against the metal in said com- 
pression chamber by urging a piston against the 
10 metal, thereby decreasing the size of said 

compression chamber; 

allowing a portion of the metal under pressure to 

escape from the compression chamber into a space 
15 of lower pressure between the piston and- the 

inside wall of said compression chamber; 

moving said space of lower pressure along with said 
piston as said piston continues to be urged 
20 against the metal in said compression chamber, 

thereby extruding the metal through a die 
member; and 

passing a core material through said die member as 
25 the metal is extruded through said die member to 

form a continuous composite wire. 



3. Apparatus for coating an extrudible, corrosion- 
30 resistant metal onto a core material characterized in that 
there is: 

a compression chamber; 



35 



die means communicating with said compression chamber 
through which a core material is passed; 
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a piston reciprocally mounted within said compression 
chamber; 

spaced annular lands around said piston / said annular 
lands and the inside wall of said compression 
chamber defining a space between said piston and 
the inside wall of said compression chamber; 
and 

means connecting said compression chamber to the 

space between said piston and the inside wall of 
said compression chamber. 

4. A continuous, composite wire characterized in that 
there is a core material and a thin uniform coating of an 
extrudible, corrosion- resistant metal. 

5. A method of making a grid element for use in an 
electrochemical cell characterized in that there is: 

extruding an extrudible, corrosion-resistant metal 
through a die means; 

feeding a core material through said die means as 
said metal is extruded to form a continuous, 
composite, electrically conductive wire; 

weaving said wire into a scrim; and 

providing said scrim with a back frame. 

6. A grid element for use in an electrochemical cell, 
characterized in that there is a scrim woven from a 
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composite, continuous, electrically conductive wire 
comprising a core material and a coating of a layer of an 
extrudible, corrosion- resistant metal of substantially 
uniform thickness, the edge of said scrim being supported 
5 by a conductive frame. 



7. A grid element for use in an electrochemical cell 
characterized in that there is a scrim woven from a 
10 composite wire comprising a core material and a coating of 
a layer of an extrudible, corrosion- resistant metal of 
substantially uniform thickness, and a composite bus bar 
in electrical connection with said scrim. 



15 



20 



8. An electrochemical cell characterized in that there 
is: 

a case; 

an electrolyte confined within said case; 



a negative electrode in contact with said electrolyte 
comprising a scrim woven from a composite, 

25 continuous, electrically conductive wire com- 

prising a core material and a coating of a layer 
of an extrudible, corrosion-resistant metal of 
substantially uniform thickness, the edge of 
said scrim being supported by a conductive 

30 frame, and a layer of active material on each 

side of said scrim; 

a positive electrode in contact with said electrolyte 
comprising a scrim woven from a composite, 
35 continuous, electrically conductive wire com- 

prising a core material and a coating of a layer 
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of an extrudible, corrosion- resistant metal of 
substantially uniform thickness, the edge of 
said scrim being supported by a conductive 
frame, and a layer of active material on each 
side of said Bcrim; and 

means for operatively interconnecting said positive 
and negative electrodes. 

A battery characterized in that there is: 
a case; 

a plurality of plates contained within said case, the 
edges of each of said plates sealingly engaging 
the inside walls of said case, thereby forming a 
plurality of separate cells within said case; 

a scrim woven from a composite, continuous wire 

comprising a core material and a coating of a 
layer of an extrudible, corrosion- resistant 
metal, said scrim being applied to both sides of 
each of said plates and being continuous from 
one side of each of said plates to the other 
side of said plate, thereby conducting current 
from one cell to its adjacent cell; 

a layer of active material applied to each side of 
said plates having said scrim applied thereto; 

electrolyte confined within each of said separate 
cells; 

a separator substantially immersed in said electro- 
lyte; and 
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means for conducting current out of said battery. 



10- A cabled composite wire characterized in that there 
5 is a plurality of continuous / composite wires , said 

composite wires comprising a core material and a coating 
of lead, and a Bheath of lead surrounding all of said 
continuous, composite wires. 



10 

11. A method of improving the corrosion-resistance of an 
extrudible, corrosion- resistant metal characterized in 
that there is: 

15 loading an extrudible, corrosion-resistant metal into 

a compression chamber; 

exerting high pressure against the metal in said 
- compression chamber by urging a piston against 
20 the metal, thereby decreasing the size of said 

compression chamber; . 

allowing a portion of the metal under said high 

pressure to escape from the compression chamber 
25 into a space of lower pressure between the 

piston and the inside wall of said compression 
chamber; 

moving said space of lower pressure along with said 
30 piston as said piston continues to be urged 

against the metal in said compression chamber; 
and 
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allowing the metal under high pressure to escape from 
said compression chamber through an opening in a 
die member of small diameter. 




FIG- 1 



0172563 




• • • 9 • • • 

9 • • • » » • • 



0172563 




0172563 




0172563 

5/7 




0172563 




6/7 



-I96 



fFff 


f-HH+K 
iiii 

wr 


±14 


+W4 



F1G14 



F1G..15 




F1SJL6 



-232 



234- 









1 




Iff 




W 




















1 R 1 







-230 




FIG.J7 



FIGJB 



0172563 




FI6_ 23 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



